Neutron and proton induced non-mesonic decay rates, Γ n and Γ p , are evaluated in 12 Λ C within a novel shell model framework. The standard strangenesschanging weak ΛN → N N transition potential, based on the exchange of single π and ρ mesons, is used. The resulting ratio Γ n /Γ p strongly depends on the ρ meson parametrization and can become large enough to be consistent with the measurments.
The free Λ hyperon weak decay (with transition rate Γ 0 = 2.50 · 10 −6 eV) is radically modified by the nuclear matter environment. First, the mesonic decay rate Γ M ≡ Γ(Λ → Nπ) is strongly blocked by the Pauli principle. Second, new non-mesonic (NM) decay channels are opened, where there are no pions in the final state. The corresponding transition rates can be stimulated either by protons, Γ p ≡ Γ(Λp → np), or by neutrons, Γ n ≡ Γ(Λn → nn). The ultimate result is that the total hypernuclear weak decay rates Γ M + Γ N M (Γ N M = Γ n + Γ p ) are almost constant and close to Γ 0 , in the mass region above A = 12 [1] .
Because of practical impossibility of having stable Λ beams, the NM decays in hypernuclei offer the best opportunity to scrutinize the ∆S = −1 nonleptonic weak interaction between
hadrons. Yet, the major motivation for studying these processes stems from the inability of the present theories to account for the measurements, although much effort has been invested in this issue for several decades. More precisely, the theoretical models reproduce fairly well the experimental values of the total width Γ N M , but the measurement [2] [3] [4] of the ratio Γ n/p ≡ Γ n /Γ p (0.5 ≤ Γ exp n/p ≤ 2) seems to be still a puzzle for the theory [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The obvious candidate for triggering the hypernuclear NM decay is the one-pion-exchange (OPE) potential, which in its nonrelativistic version, reads
where all the notation has the usual meaning [5] . Several calculations in 12 Λ C, based on this transition mechanism, yields: Γ
The importance of the ρ meson in the weak decay mechanism, which engenders the potential
has been first discussed by McKellar and Gibson [17] . They have found that the estimates for Γ N M can vary by a factor of 2 or 3, when the potential V ρ is included. Yet, the present-day consensus is that the effect of the ρ-meson on both Γ N M and Γ n/p is very tiny [5] [6] [7] [8] .
Opinions are divided regarding the full one-boson-exchange model, which encompasses all pseudoscalar mesons (π, η, K) and all vector mesons (ρ, ω, K * ). Dubach et al. [7] claim that the inclusion of additional exchanges into the π + ρ model plays a major role in increasing the n/p ratio, while Parreño et al. [8] have found that their overall effect is very small.
Many other attempts have been done to resolve this puzzle, but without much success.
Among these we mention: 1) the analysis of the two-nucleon stimulated process ΛNN → NNN [9] [10] [11] , 2) the inclusion of interaction terms that violate the isospin ∆T = 1/2 rule [12, 13] , 3) the description of the short range baryon-baryon interaction in terms of quark degrees of freedom [14] , and 4) the introduction of correlated two-pion exchange potentials [15] . In the last two works were found consistent (though not sufficient) increases of the n/p ratio. (For instance, Γ n/p was boosted up to 0.36 for the decay of
It is not still clear whether the discrepancy between the experiments and the theory is due to the underlying nuclear structure or to the weak transition potential itself. Presently, we are exploring both possibilities. It should be also remembered that, except for the work of Parreño et al. [8] , all evaluations of the n/p ratio in 12 Λ C have been done in the context of nuclear matter. In this work we present a novel shell model framework for the NM decay of the hypernuclei, and reexamine the role of the ρ meson exchange.
We start from the Fermi golden rule for the decay rate
from the initial hypernucleus with spin J I and energy E I , to the final nucleus with spin J F and energy E F , while two nucleons with the total spin S, momenta p and P, and energies ǫ p and ǫ P , are emitted into the continuum. A transformation to the center of mass (P) and relative momentum (p) is already implied in (3).
It is convenient to define the quantity
and rewrite (3) as:
In the plane wave approximation, the non-antisymmetrized two particle wave function reads:
After performing the angular integration in (4) we get:
Next, we do the angular momentum couplings: l + L = λ, λ + S = J and J + J F = J I , and obtain
The quantum number M I is superfluous and will be omitted from now on.
In our formalism the hypernucleus A Λ Z is described as a Λ-hyperon in the single particle state |j Λ and a hole state |j a −1 relative to the A Z core. Similarly, the residual A−2 Z and Table I . More, the transition in (5) can now be viewed as going from the one-particle one-hole (1p1h) state |j Λ j −1 a ; J I to the two-particle two-hole (2p2h) state |pP lLλSJ, j
This allows us to use the standard angular momentum recoupling procedure [18] , and get pP lLλSJ, j
The effective interaction V is isospin dependent, i.e.,
which forces us to work in the isospin formalism and specify the isospin quantum numbers in the matrix elements of V . As in ref. [8] , we assume that the Λ behaves as a neutron. We also antisymmetrize and normalize the wave function for the two outgoing nucleons, which
One can easily evaluate the isospin dependence in (6) , and obtain that
with F n (lS) = 1 + (−) l+S and F p (lS) = 5 − 4(−) l+S .
Finally, we carry out the jj − LS recoupling and the Moshinsky transformation [19] on the ket |j Λ j b J and get
where · · · | · · · is the Moshinsky bracket, and
, being ǫ(1s 1/2 Λ) and ǫ(j b i), respectively, the single-particle energies of the hyperon and the nucleon i(= p, n). (a) The NM decay rates in 12 Λ C were evaluated from the eq. (7) for the π + ρ potential, with the coupling constants taken from the literature [20] [21] [22] [23] . For the sake of comparison, the finite nuclear size (FNS) effects and the short range correlations (SRC) are included in the same way as in ref. [8] . This implies: (i) at each vertex the FNS is modeled by the monopole
Λ 2 π,ρ + q 2 , with different cut-off Λ for π and ρ mesons, and (ii) the SRC are taken into account via the correlation function
with a = 0.5 fm, b = 0.25 fm −2 and c = 1.28 fm. The final state interaction (FSI) among the outgoing nucleons is comparatively small [8] , and will not be considered here.
A few illustrative numerical results are displayed in Table I , and our comments and conclusions can be summarized as follows:
1) The results for the π-meson alone, shown in the column (a), are quite similar to those obtained by Parreño et al. [8] (Γ N M = 1.038, Γ n/p = 0.120). (Note that we do not include the FSI as they did.)
2) But, when the ρ-meson is involved we get totally different results for Γ n/p from that in ref. [8] . This happens even when the same parametrization is used for the strong and weak −0.81 [3] , and Γ n/p = 1.87 ± 0.59 +0.32 −1.00 [4] . (Simultaneously, we account for the measurments of the total NM decay rate: Γ N M = 1.14 ± 0.2 [3] and Γ N M = 0.89 ± 0.15 ± 0.03 [4] .)
7) Yet, it would be too premature to conclude that we have succeeded in removing the discrepancy between the theory and the experiment. We just wish to point out that, within the nuclear structure framework developed here, the ρ-meson is very important in tailoring the magnitudes of Γ n and Γ p . As shown in Table I , this happens for all final states, except for |1p 3/2 n, 1s 1/2 n; 2 − where only the pion parity violating term is contributing.
8) Before drawing more definite conclusions a more detailed study of the one-meson exchange mechanism, including all pseudoscalar and vector mesons, should be performed.
The RPA correlations in 
